1990; Kalix, 1991) or through the inhibition of mono-amine oxidase (Calcagnetti and Schechter, 1992) .
A large number of medical problems have been reported in Khat chewers (Mekasha, 1983 Eriksson et al., 1991 : Gamal, 1996 . Its possible teratogenic effect, especially on the skeletal system, attracted little attention in the previous studies (Islam et aI., 1994 ).
The present study was undertaken to investigate the effect of khat administration 10 pregnant rats on the viability and growth of the fetuses with a special focus on its possible teratogenic effect on the fetal skeleton.
MATERIALS AND METHODS
The Khat extract was obtained by treatment of the chewable khat leaves with sodium carbonate then extracted by ethanol according to the method of Klein (1979) . The solvent was completely evaporated at low pressure and an aqueous suspension of the dried extract was used in this study. The extract of 100 gm of chewable material was prepared in lOami of aqueous suspension (each ml of the suspension contained the extract of I gm of Khat leaves). The procedure of extraction was performed in the Pest Control Research Institute, Ministry of Agriculture.
Twenty-four adult virgin female albino rats weighing 200 -300 gm were housed in wire cages under controlled environmental conditions. One adult male rat was introduced into a cage with two females and remained there overnight. Vaginal smears were taken in the next morning. Pregnancy was determined by the presence of sperms in the smear, this day was considered to be the first day of gestation. The pregnant rats were divided into four groups (one control and three experimental), each of six rats. Each rat of the control group was injected intraperitoneal ly with saline daily. Each rat of the three experimental groups was injected intrapcritoneal ly with daily doses of the Khat extract starting from the first day of pregnancy with one day rest every five days till (he 19 th day of pregnancy. Each dose consisted of 0.2 ml for the rats of the first group, 0.4 ml for the rats of the second group and 0.8 ml for the rats of the third group containing the extract of 0.2, 0.4 and 0.8 gm of Khat leaves respectively. According to Paget and Barnes (1964) interspccies conversion scheme, these doses correspond to the chewing of 12, 24 and 50 gm of Khat leaves by an adult 70 kg man. This dose is within the range of the dose usually consumed by chronic Khat chewers mentioned by Kassie et al. (2001) . On the 20 th day of gestation, all Ihe pregnant rats were killed by an overdose of ether to prevent the mothers from devouring any malformed offspring.
The abdominal wall of each mother was opened and the full extent of both uterine horns was exposed. The fetal positions within the uterine horns as well as the number of the live and dead fetuses, detected by movements of the living fetuses following a gentle pressure, were recorded. A careful count was made for the metrial glands, which are yellowish nodules found along the mesometrial margin of the uterine horns, as they mark the implantation sites. Thus, the rnctrial glands unoccupied by living or recently dead fetuses represented the number of prior resorptions (Wilson, 1965) . The total cmbryolcthality (including the number of embryonic resorptions and the number of fetal deaths) as well as the proportion (percentage) of embryolcthality to total number of implantations were calculated for each group as follows:
Total embryolethality = Number of embryonic rcsorptions + Number of fetal deaths Total embryolethality % = (Total embryolcthality / total number of implantations) X 100
The litter size-defined as the mean number of living fetuses per dam-was also calculated for each group as follows:
Litter size = Total number of living fetuses in each group / number of pregnant rats in the same group.
These parameters were used to estimate the viability of the embryos of rats treated with Khat extract.
Then, the uterine horns were excised along the anti mesometrial border to reveal the fetuses which were gently removed from the uterus. Fetal weight and crownrump length were measured in all living fetuses and the mean values and standard deviations in each group were calculated. About 1/3 of the fetuses were fixed in Bouin's solution. These fetuses will be used in a parallel study. About 2/3 of the fetuses were fixed in 95% ethyl alcohol, then cleared in a solution of 1% KOH till the bones became clearly visible through the surrounding tissues. Then, they were transferred to a fresh solution of 1% KOH to which alizarin red stain was added (Dawson, 1926 ) then they were successively transferred to 30%, 50% and 70% glycerin solutions and stored in pure glycerin. Thorough examination of the skeletal system was done under a dissecting microscope to evaluate the pattern of ossification of the different bones and to detect any anatomical abnormalities.
Examination included the bones of the axial skeleton (the sternum, ribs, centra of cervical, thoracic, lumbar, sacral and caudal vertebrae and the skull bones) as well as the bones of the appendicular skeleton (the clavicle, scapula, humerus, radius, ulna and metacarpals in the forelimb and the coxal bone, femur, tibia. fibula and metatarsals in the hind limb). Ossification was scored as being either complete, incomplete or absent. Incomplete ossification could be identified when the center was either small or faintly stained (Kimmel et al., 1982) .
For statistical analysis, the centers of ossification (either complete or incomplete) of the sternum, the vertebral centra, the carpus and the tarsus of all fetuses of each group were counted. Also, the total number of only complete ossific centers in each group was recorded and expressed as percentage from the total number of cen-. ters. Mean and standard deviation values for the number of complete ossific centers -being an index for proper ossification -were calculated.
Number of complete ossific centers % = (Total number of complete ossificcenters / total number of ossific centers) X 100 Mean complete ossific centers", total number of complete ossific centers in each group I Number of fetuses in each group. Data concerning embryonic viability (ernbryolethal ity and litter size), fetal growth (fetal weight and crown-rump length) and ossification of each of the sternum, vertebral centra. carpus and metacarpus were tabulated and subjected to one way analysis of variance (ANOVA) test. When the ANOV A test was significant, Duncan's multiple range test was performed to show the statistical significance among different groups (F-ratio). Chi square test was used to compare the observed proportions. The Statistical Package for the Social Sciences (SPSS) version 7.5 was used in data analysis.
RESULTS

Embryonic viability:
The rates of both embryonic resorption and fetal mortality were increased parallel with the increase in the dose of the injected khat extract (Table 1) .
The total embryolethalit y in the control group was four embryos (6.06%), while in the experimental groups, it was six embryos (9.68%) in the second group, 13 embryos (20%) in the third group and 21 embryos (33.87%) in the fourth group. As a result, the litter size -defined as the average number of live fetuses per dam -was statistically significantly decreased in the third group and very highly significantly decreased in the fourth group as compared to the control group.
Fetal growth:
Fetal growth was evaluated in the present study by measuring the fetal weight and crown-rump length. The data are shown in table (2) . It was observed that these parameters were steadily reduced in all treated groups in a dose-dependent manner.
The reduction in the mean fetal weight was statistically very highly significant in both the third and fourth groups while the decrease in the mean crown-rump length was significant in the second group, highly significant in the third group and very highly significant in the fourth group. Evaluation of the skeleton:
The total number of sternal ossific centers (either complete or incomplete) that were detected in the 20 -day rat fetuses in each of the different groups is shown in (Table 3) . (Fig. 2) shows patterns of ossification of the sternum in fetuses of different groups. (Table 3 ) also shows the total number of complete ossific centers in each group. Sternal ossific centers were reported as incomplete when they were faintly stained, small or bipartite ( Fig. 2 -b ). There was a statistically highly significant reduction in the total number of complete ossific centers of the sterna of the fetuses of the second group. while this reduction was very highly significant in the third and fourth groups as compared to the control group. On the other hand. the number of fetuses in each group having no or one sternal ossific center-as shown in 19 .45% of the fetuses of the third group and its incidence was very high in the fetuses of the fourth group (100%).
Ribs:
Thirteen pairs of ribs were completely ossified in all fetuses of the control and second groups ( Fig. 3 • a) . Missed ribs were noticed in three (8.33%) of the fetuses of the third group and in five (17.86%) of the fetuses of the fourth group ( Fig. 3 -b) .
Ribs arranged into groups separated from each other ( Fig. 3 -c) was observed in one fetus (3.57%) of the fourth group while in another fetus (3.57%) of this group all ribs were short (incompletely ossified) ( Fig. 3 -d ).
Vertebral column:
The total number of ossific centers and the number of complete ossific centers of the centra of the vertebrae in the different regions of the vertebral column are summarized in (Table 4 ). In the cervical region. ossification of the vertebral centra was not developed in any of the fetuses examined (not included in table 4), Incomplete ossification was reported when the center was small, faintly stained or bipartite. Ossification of the vertebral arches was not included in this study.
Statistical analysis of the data in table (4) revealed that Khat administration to pregnant dams resulted in significant retardation in the development of ossific centers in all regions of the vertebral column as manifested by the reduction of the total number of complete ossific centers. With the highest dose (group four) retardation was statistically very highly significant in all regions. The caudal. sacral and upper thoracic regions were most sensitive to the effect of Khat as retardation of ossification in these regions was statistically significant even in the first group (receiving the lowest dose of Khat). ( 
Skull bones:
Nine bones of the skull were examined in each fetus (2 frontal. 2 parietal, 1 interparietal. 1 supraoccipital, 2 cxoccipital, I mandible). The other skull bones were not included in this study. Complete ossification of all skull bones was observed in all groups except for the supraoccipital and the interparietal bones. The supraoccipital bone was the most sensitive bone to maternal Khat administration.
Complete ossification of the supraoccipital bone was observed in all the fetuses of the control and the second groups and in 32 (88.88%) and 13 (46.42%) fetuses of the third and fourth groups respectively. The patterns of ossification of the supraoccipital bone (complete, delayed or absent) in different groups are shown in (Fig. 5) . The interparietal bone was less frequently affected as it showed delayed or absent ossification in only three fetuses (10.7%) of the fourth group (Figs. 5 -c, 5 -0. 5 . Bones of the fore-and hind limbs:
The long bones of the fore and hind limbs (humerus, radius, ulna. femur, tibia and fibula) as well as the scapula and clavicle were completely ossified in all fetuses examined.
Centers of ossification of the coxal bone (iliac and ischial) were not affected in any of the fetuses of the control and second groups. The pubic center was not included in this study. The center of ossification of the ilium was incomplete (Fig. 4 -d • tt Litter size == number of living fetuses I number of pregnant rats
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• N.B. : The results represent one side only as both sides were identical. by measuring the fetal weight and crown-rump length, was observed in the offspring delivered to pregnant rats injected intrapcritoneal ly with khat extract. The present results are in agreement with many previous reports which showed that treatment with khat caused fetal growth retardation in experimental animals (Jansson et al., 1988; Islam et al., 1994; Gamal, 1996) . Eriksson (1991) observed no increase in rates of stillbirth among Khat users.
However, the present study showed that injection of Khat extract to pregnant rats resulted in a dose-dependen t increase in the crnbryolethalit y (deaths and rcsorptions) as well as significant reduction of litter size. Abdul Ghani et at, (1987) mentioned that since low birth weight was a well-establishe d risk factor for both perinatal and young infant death, Khat chewing during pregnancy might be one of the factors contributing to infant mortality in communities where Khat was commonly chewed. Aliverti et al, (1979) and Ariyuki et al, (1982) established a relationship between low body weight and retarded ossification induced by teratogenic agents. They found that the stage of skeletal ossification in rat fetuses provided a reliable quantitative index for evaluating retarded fetal development in addition to conventional somatometric measurements such a" body weight and crown-rump length.
A marked teratogenic effect of khat on the development of the skeletal system in rats was observed in this study. This effect was manifested either by delayed (incomplete or absent) ossification of some bones or by appearance of skeletal deformities. Reduction of the total number of complete ossific centers after Khat administration to pregnant dams was observed in the sternum, the centra of thoracic, lumbar, sacral and caudal vertebrae, the metacarpal and metatarsal bones.
Statistical analysis revealed that this reduction was dose-dependen t. Delayed ossification was also observed in the centers of the ilium and ischium. In the skull, the supraoccipital bone was the only bone significantly affected. A consistent tendency of these abnormalities was observed in the higher dose group. The delayed ossification was most severe ill the sternum and caudal vertebrae as the total number of complete ossific centers was highly significantly reduced in all the treated groups as compared to the control group. Moreover, very severe retardation of ossification of the sternebrae was observed with high doses of Khat as all the fetuses of the fourth group showed either no or one ossific center which -when present -were all incomplete. These findings might be explained by the confirmation of Ariyuki et al, (1982) including hyperthermia, anorexia and metabolic changes might, to some extent, be attributed to the thyroid stimulating effect of kharamines. and that this effect might be an additional mechanism of khat teratogenicity. House et al, (1994) claimed that khat disturbed the cellular immune mechanism of cultured cells, and that this disturbance might be an underlying factor for the toxic and teratogenic potentials of khat.
Recently Al-Qirfm et al. (2002) suggested that Khat administration enhanced free radical concentration through a decrease in the levels of free radical metabolizing enzymes.
In conclusion, the present study demonstrated obviously that besides its high embryolethalit y and its effect on the fetal growth, khat had a teratogenic effect on the development of the skeletal system in rats. However, this toxic effect was related to the amount of Khat intake. This finding necessitates more detailed chemical and ultrastructural experiments in order to evaluate the dynamic events occurring in response to the khat administration . Moreover, postnatal study is needed to determine whether the missing centers will appear in later stages of development. An evident dose-dependen t embryolethalit y and fetal growth retardation were observed in the experimental rats. The present work revealed that there was a marked teratogenic effect of khat on the development of the skeleton. This effect was manifested either by incomplete or absent ossification of some bones or by the occurrence of skeletal deformities. Statistical analysis showed that the most sensitive ossific centers were those of the sternum, the centra of the upper thoracic and caudal vertebrae. Other bones affected included the lower thoracic, lumbar and sacral centra, the ribs, the ilium the ischium, the metacarpals, the metatarsals and the supraoccipital bone of the skull. These effects were marked by the increase in the dose of the injected khat extract. Many explanations for the possible teratogenic mechanism of khat have been reviewed.
According to the present results as well as to the other teratogenic effects of khat described in previous works, it is advisable, in spite of the species differences, to avoid khat chewing by the pregnant women.
